This article describes the preparation of hybrid-based compounds of graphene oxide, which are obtained by shared oxidization of graphite with fullerene C 60 , fluorine graphite and biochar. Suspensions of these compounds were prepared into the form of the foils. Subsequently its morphology, internal structure, internal identification groups, thermal stability is described but this work is primarily focused on its phytotoxicity by germination seed test on white mustard, which was performed directly onto the foils.
INTRODUCTION
Graphene oxide (GO) is prepared by oxidization of graphite with strong oxidization agents. GO is also a precursor for the chemical preparation of graphene [1] . In publications relating to the oxidization of graphite to obtain GO it is generally stated that methods are used according to specific authors: Hofmann (HNO 3 , KClO 3 ), Tour (P 2 O 5 , KMnO 4 ), Hummers (NaNO 3 , KMnO 4 ). In all methods the major chemical substance is concentrated sulfuric acid [2] .
GO is a compound with the main functional groups such as carboxyl, carbonyl, epoxy, ether and hydroxy groups attached to its carbon skeleton. These functional groups allow GO linking of chemical reaction [3] to form covalent bonds with other compounds (e.g., esterification, amidation). Another type of GO reactions is the formation of covalent bonds [1] . Possible types of bonds are hydrogen bonds, van der Waals forces, H-π, cation-π, anion-π, π-π, electrostatic forces. These covalent links are applied in the preparation of composite polymers biopolymers [4] using the adsorption and absorption capabilities of GO [5, 6, 7] . GO can be prepared from the suspension by vacuum filtration foil, which is used in biology, electronics, optics [8] , and biomedicine [9] .
Complete and current overview of the possibilities of further processing and use of suspensions of graphene oxide is presented in the article [10] . In previous publications [11, 12] we described common graphite oxidization with fullerene C 60 at the various weight ratios [13] . The obtained suspension was processed in different ways (filtration, lyophilization) including the preparation of the foils in combination with nanofibers [14] .
This work extends joint oxidization of graphite by reaction with fluorographene and biochar to prepare hybrid compounds in the form of foils. The main aim is to determine the phytotoxicity of the foils and its thermal stability in order to balance applications and risks.
Used fluorine graphite (graphite fluoride) was prepared by direct fluorination of graphite with elemental fluorine and biochar, which is a product of pyrolysis of waste after a fermentation process of a biomass. It is a porous carbonaceous material with a compact hydrophobic core of predominantly aromatic structure on its surface there are group -OH, -C=O, -COOH. Realized reactions. Fluorographene (graphene fluoride) composed of CF 0.8-0.9 was prepared by direct fluorination of graphite which was diluted by elemental fluorine from the electrolyser at 450-500°C in monel reactor.
EXPERIMENTAL PART
Biochar was prepared by pyrolysis at 470 °C from the digestate. Its composition was 80 % corn silage, 20 % cellulosic fiber.
Common oxidization of graphite (1.5 g) with fullerene C 60 , CF 0.8-0.9 and biochar (the samples weight amounted to 0.7 g) was performed in a mixture of NaNO 3 (3.0 g), KMnO 4 (7.0 g) in concentrated H 2 SO 4 (52 mL). The oxidization mixture was stirred for 2.5 hours at 55 °C. It was left before distribution 72 hours at room temperature. The decomposition was carried out with distilled water, decanted and added H 2 O 2 and HCl. This was followed by repeated centrifugation and repeated decantation till the neutral pH and till the negative reaction to sulfate ions. During the oxidization of the graphite itself the sample weights decreased by 30 %.
The employed instruments. Inverted metallographic microscope GX 51 (Olympus, Japan).
ATR analysis by means of FTIR spectrometry was performed using the spectrometer Brucker Alpha/FT-IR, ART crystal (identified as Platinum Diamond 1 Ref1), software 6.5, source IR SiC Globar. Number of spectrum scans 24, resolution 4 cm -1 , spectrum range 375-4000 cm -1 . Thermal analyses TGA and DSC of the prepared product were performed on STA 1500, Instrument Specialists Incorporated-THASS, analytical scale SUMMIT, SI 234-4, at flow rate 20 mL/min., heating rate °C/min., ceramic crucible, diameter 5 mm and height 8 mm, degradation medium air.
Twist Digital Microscope Learning Resource, Inc. USA. SEM Phenom FEI and SEM FEI Quanta 650 FEG (USA) were used for slides of products.
Lyophilizer Free Zone 1L Benchtop, made by Labconco, model 7740030.
Characteristics of Prepared Foils
The surface morphology of films. It was possible to prepare our obtained hybrid compounds into the form of foils (membranes). From the published data there are known many factors that affect the quality of the foil.
The composition of the liquid phase and the concentration [15] the filtered suspension affects the thickness of the foil also the rate of filtration. In case the suspension is sonicated its length plays the role, as well as temperature and power devices [16] . Film properties can be influenced also by some specific modifications such as washing the film with a solution MCl 2 (Ca, Ba, Mg), where there are connecting carbon layers in a plane transversely using dialdehyde [17] or its impregnation e.g. Ti, Ag, Cu 2 O [18] or expanding the layered space [19] etc.
We found that the quality of our film products influences the way of processing and drying. Fast drying at 50-60 °C causes discontinuous film cracking induced by rapid evaporation of adsorbed water. Next is modification of the initial suspension (without modification, sonication, after centrifugation). The best quality foils were obtained when the suspension was repeatedly (min. 5x) centrifuged at 2.500 rpm for 10 minutes and subsequently dried to a silicone foil, which was evaluated as a very suitable substrate for downloading foil into a thickness of about 50 microns.
Another way is to apply suspension nanofibres e.g. PCL and by successive alternations of layers can be obtained compound foil type GO-C 60 -PCL or PCL-GO-C 60 -PCL, see Fig. 1c), 1d) . In normal visual view smooth, flexible and compact foils are prepared. Detailed micrographs, see Fig. 1a) -1f) . In some foils partial defects in homogeneity were demonstrated, see impurity from biomass which resists oxidization of biochar, see Fig. 1f ), or scaly surface at DF (GO-CF) Fig. 1e ). Identification of functional groups of foils. To identify functional groups of prepared foil was used infrared spectroscopy. The acquired spectra are reported in Fig. 2a) -2d) . The dominant feature in spectra of all products is broad absorption peak extending from 2500-3500 cm -1 and it belongs the group -OH. In all spectra mostly prevailed vibrations of oxo-groups and their assignment and values of wave numbers are shown in Table 1 . Very strong vibrations, which are only in the hybrid foil DF (GO-CF) have a value of 1197 cm -1 and correspond to the valence vibration bond -C-F, see Fig. 2c ). GO (P-II.) GO-C 60 (P-IV.) DF(GO-CF) GO-biochar Thermal stability of the foils. In all foil samples there were detected two peaks (Fig. 3 ) that correspond to the exothermic heat phenomena with maxima at: -GO: 225 °C, 450 °C; -GO-C 60 : 205 °C, 390 °C; -GO-CF: 238 °C, 482 °C; -GO-biochar: 226 °C, 530 °C;
The thermal discoloration values at various temperature ranges (according to the DSC curve) were for the foils: GO (910,6 kJ/kg), GO-C 60 (1204,1 kJ/kg), DF (GO-CF) (2465,6kJ/kg), GO-biochar (2674,6 kJ/kg). When comparing the curves TGA and DSC (see Fig. 3 ) we identify specific form for GO and GO-C 60 , a sharp increase of the DSC curve and similar weight loss at first exoeffect. Also the total heat of decomposition is comparable and more than half of the remaining foils. Totally different process was observed in the foil DF (GO-CF), where even at the first exoeffect there was recorded weight gain to 10 %, and the second exothermic thermal event is a composite of several thermal processes in the temperature range from 421 to 568 °C with a significant weight loss. Decomposition foil GO-biochar is balanced and the foil is thermally stable even though its decomposition has the highest thermal discoloration. The structure of the cut foils. As was noted in previous section from the detailed microscopic images of the foils there was confirmed in its cuts made that e.g. the foil DF (GO-CF) [Fig. 4 c) ] does not have a constant thickness, most regular lamellar structure has the foil GO-biochar [ Fig. 4d) ]. Of course we are aware that modifications to the preparation of these films can improve their structural arrangement. Fig. 4 shows other cuts of foils. 
Phytotoxicity by germination seed test of the foil on Sinapis alba L.
Ecotoxicity of selected nanofoils were examined by contact germination seed test on white mustard Sinapis alba L. (OECD Guidelines 208/1984) which is used as a standard test in Europe.
Contact germination seed test on Sinapis alba L. onto the foil is to monitor the inhibition (stopping of the growth of seeds) per time 72 hrs. The experiment takes place in the dark at a temperature (20 ± 2) °C. During experiments were seeded 10 seeds onto sample (nanofoils) and 10 seeds of mustard outside the sample in total 20 seeds per one sample. We made two parallel determinations. For one type of foil were cut always two samples of dimensions 20x20 mm. We pipetted 2.5 mL of diluent. During the test were deployed 10 seeds outside the foil and 10 seeds onto the foil. The purpose of the test was to determine the inhibition of seeds both outside and onto the foil.
Calculation of root growth inhibition when applied to the film or outside of the foil consists in measuring the length of the root (root elongation) after the test by computing the relation (Eq. 1):
IC value is the root growth inhibition in %, L c is the mean root length of control in millimeters, L v is the arithmetic average root length in the test solution, in mm.
The results of the inhibitions are illustrated at Fig. 5 . Table 2 shows that the highest parallel inhibition was observed onto the foil GO, the IC of this foil was 100 %. Tested on Sinapis alba L., for 72 hrs., the temperature during the experiment was 21 °C. The foil appears to be the most toxic from the whole test. The smallest average parallel inhibition was detected onto the foil GO-C 60 -PCL (IC=65.77 %). Other foils have an IC of seeds on the foils about 70-75 %. Also the highest inhibition for mustard seeds placed outside the foil was determined for the foil GO (66.77 %). Mustard seeds located outside foil GO-C 60 exhibited instead of inhibiting, the stimulation of the growth of seed was up to 13 % (inhibition: -12,5 %). The lowest average inhibition of seeds outside the foil was determined for the foil DF (GO-CF), 7.76 %. The lowest average germination of seeds (on and outside the film) on white mustard was detected for the film GO (70 %), as well as the average seed germination on this foil (0 %). For the other nanofoils was the average seed germination on/outside the foils ranging from 90-100 %. Semichronic toxicity test on Sinapis alba L. (white mustard), sample (foil GO-C 60 ) is illustrated on Fig.  6 , other samples were tested in the same way. 
CONCLUSION AND DISCUSSION
From suspensions of oxidization of graphite and joint oxidization of graphite fullerene, fluorine graphite and biochar can be prepared films of various qualities. By lyophilization of the concentrated suspensions also may be prepared 3D membranous products. Practical use of these foils (3D products) is a matter for further research on this issue and we are optimistic. It is also not a problem to carry out the surface modification e.g. by reaction with functional groups to reduce, or to incorporate into the structure of the metal nanoparticles.
Composition of foil (oxygen) and their decomposition with an exothermic process, or a relatively low temperature (approx. 200 °C) indicates a potential fire hazard. This risk must be considered and the foils should be protected from direct sources of heat or electrical shock.
During tests the influence of these films on seed germination was demonstrated by significant inhibition of growth of seeds that have been applied directly to the film in comparison with seeds, which were placed outside the foil. Inhibition of seeds, which were in direct contact with the films was comparable in all investigated samples, the most toxic sample was GO. The noticeable difference was between the inhibitions on samples that were not in the direct contact with the foil. Foil GO-C 60 appeared on the contrary as a stimulant. Comparable inhibition among the foils was in samples DF (GO-CF) and foil GO-C 60 -PCL.
Compared to the sample GO-C 60 it was sighted different inhibition of seeds applied outside the foil at its two sandwich modifications (C 60 -GO-PCL, GO-C 60 -PCL). The sample C 60 -GO-PCL was more toxic. We proved the change of properties of nanofoils after adding nanofibres between GO-C 60 .
